From the Indian coast only limited data are available on the benthic fauna of the seagrass communities. In this study, seasonal variation in the distribution of macrobenthos and influence of environmental parameters was explored at four seagrass beds and two mangrove stations along the Minicoy Island, Lakshadweep, India, from September 1999 to August 2001. A total of 160 macrobenthic species from eight major groups represented the macrofauna of the Minicoy Island. Of the identified taxa, molluscs 70 (gastropods 41.46%, bivalves 7.5%), polychaetes 27 (16.88%), crustaceans 30 (18.75%), echinoderms 11 (6.88%) and remaining others. Average seasonal abundance of benthic macrofauna ranged from 219 to 711 ind./m 2 , species diversity varied from 1.45 to 3.64 bits per individual, species richness index ranged from 4.01 to 26.17, evenness 0.69 to 1.66. In general, the higher abundance and species diversity was noticed in southern seagrass stations and northern seagrass stations, but in the mangrove stations comparatively low species diversity was observed. Three-way analysis of variance indicated that all communities resulted as being significantly different between seagrass and mangrove station, mainly when the seasonal interaction was considered. Multivariate analyses were employed to help define benthic characteristic and the relationship between environmental parameters at the six monitoring stations. Results of cluster analyses and multidimensional scale plot suggest that for mangrove region, different physiographic provinces, lower salinity, dissolved oxygen and sediment biotic structure have a higher influence on the species composition and diversity than other oceanographic conditions.
Introduction
The Lakshadweep group of Islands is located off the southwestern coast of India in the Arabian Sea. There are 36 Islands covering an area of 32 km 2 . From the Indian coast only limited information is available on the benthic fauna of the seagrass communities. The present study deals at Minicoy Island with the diversity and seasonal variations of macrobenthic fauna in seagrass and mangrove communities. The community studies on macro invertebrate abundance in Minicoy Island were limited to benthic macro and meiofauna of seagrass bed by Ansari 1984 during the cruise No. 104 of R/V Gaveshni. The study was based on one time collection up to the level of major benthic groups and no information is available on the benthic final association of this region. Ansari et al. (1991) conducted studies on the seagrass habitat complexity and abundance of macro invertebrate abundance in Lakshadweep coral regions. However, no work has been done to elucidate the mangrove benthic community structure of Minicoy Island. Mangrove region of Minicoy is limited to two patches of about 10 4 m 2 each. The mangroves noticed on Minicoy Island of Lakshadweep are in the formative stage and free from serious human interference.
Seagrass is marine flowering plants that occur in the near shore area around the world (Hemminga and Durate, 2000) . Seagrass plays a key ecological role in the marine environment including organic carbon production and tropic transfers to adjacent habitats (Costanza et al., 1997) . They are major primary producers supporting the high productivity of associated animals including commercially important fish and large invertebrates as well as endangered marine animals sea turtles, dugongs and manatees (Heck et al., 2003) . Seagrass also supports a variety of macrobenthic organisms such as polychaetes, mollusc and small crustaceans that play important roles in the food web, the decomposition process of beds and nutrient cycling (Williams and Heck, 2001) .
In India the total area covered by mangroves is estimated at 6 810 km 2 , which includes the adjacent mudflats and brackish water systems. Mangroves that exist in tropical and subtropical intertidal regions of the world support rich faunal resources and play an important role in the estuarine and coastal food webs (Alongi, 1990) . Studies on the ecology of mangrove fauna of eastern and western coasts of India had been carried out (Khan et al., 2005; Saravanakumar et al., 2007; Kumar and Khan, 2013) . Macrobenthos in marine sediment play an important role in ecosystem processes such as nutrient cycling, pollutant metabolism, dispersion and burial and in secondary production (Snelgrove, 1998) . In the present study, an attempt has been made to understand the distribution and community structure of macrobenthos of seagrass beds and mangrove region. Environmental parameters such as temperature, salinity, dissolved oxygen and nutrients and grain size were also studied and correlated with the distribution and abundance of macrofauna. The benthic ecological data are required from unspoilt mangrove areas such as those on Minicoy Island as a baseline for meaningful and effective conservation measures.
Materials and methods

Study site
The Minicoy Island, located at 08°18′N and 73°04′E is the southernmost Island in the Lakshadweep group with a land area of 4.4 km 2 and a length of 9.5 km, tidal amplitude is approximately 1.75 m. The present study concerns three sets of stations, southern seagrass stations (Thalassia bed, ThalassiaHalophila mixed bed), northern seagrass stations (Cymodaceae bed, Syringodium bed) and mangrove zone. Mangrove associated flora involves Avicinnia marina, Cereops tagal, Pemphis acidula and Bruguiera spp. Of the selected six stations, four were located in the intertidal zone (southern sea grass stations 1 and 2; northern seagrass stations 3 and 4) and two in the mangrove intertidal swamp (Fig. 1 ). Monthly triplicate samplings were collected during low tide from the above stations from September 1999 to August 2001. The details of GPS coordinates, vegetation, and soil substratum are presented in Table 1 .
(1) Station 1, southern Thalassia bed located on the southern side of the Island and mainly constituted by a luxuriant growth of sea grass Thalassia spp.
(2) Station 2, southern Thalassia-Halophila bed was located on the south side about 100 m away from the high tide mark to the lagoon side.
(3) Station 3, northern Cymodaceae bed was located on the northwest side of the Island and had only a sparse growth of seagrass (Cymodaceae sp.). This was in the nearshore area partly protected from heavy wave action and currents by the 80-100 m wide zone of large coral conglomerates.
(4) Station 4, northern Syringodium bed was located on the northwest side of the Island almost 200 m away from the high tide mark in the lagoon and the vegetation was mainly constituted by Syringodium sp. of seagrass. This area was also partly protected by large coral conglomerates.
(5) Station 5, mangrove site bordered by Cereops tagal was located on the southwestern side of the Island near the helipad.
(6) Station 6, mangrove site bordered by Avicennia marina was located on the southwestern side of the Island, slightly away from the band and the banks were bordered by A. marina.
Sampling methods
Water samples were collected from the surface using a plastic bucket every month during low tide from all the stations for the measurement of temperature, salinity, pH, dissolved oxygen and nutrients. Atmospheric temperature and seawater temperature were measured using a 0-50°C high precision thermometer. Salinity was determined by the Mohr's titrimetric method; silicate and nitrite present in seawater was estimated by Strickland and Parsons (1968) . Dissolved oxygen was esti- Strickland and Parsons (1972) . pH was measured using a pH meter . Nitrate nitrogen in seawater was estimated by the method of Mullin and Riley (1955) . Phosphorus present in seawater in the form of dissolved orthophosphate was determined quantitatively by the ascorbic acid method given by Murphy and Riley (1962) . Each sediment sample brought to the laboratory was transferred to a glass dish and dried in an oven at 60°C and stored in desiccators for further analysis. Mechanical analysis by international pipette method was followed for grain size analysis (Krumbein and Pettijohn, 1983) . Organic carbon was determined by the wet oxidation method of El-Wakeel and Riley (1957) . Rainfall data of Minicoy were collected from the data sheets of Indian Meteorological Department.
Benthic sampling and analytical methods
Triplicate samples were collected every month using a metal quadrat of 25 cm × 25 cm size up to a depth of 15 cm (Eleftheriou and Holme, 1984) . The benthos in the sediment sample recovered after sieving through 0.5 mm mesh sieve was brought to the laboratory in polythene bags, transferred to a large white bottomed tray and the animals which were moving or easily recognizable were hand sorted. After this preliminary examination, the whole sample was treated with 5% buffered formalin and kept for further analysis. Fauna were identified to the lowest practical taxonomic level using standard references (Polychaeta: Day, 1967; Crabs: Williams, 1984; Mollusc: Fernando and Olivia Fernando, 2002) . The numerical abundance was extrapolated into ind./m 2 for easier data comparison. For the sake of interpreting the data, a calendar year was divided into three main seasons, pre monsoon (February-May), monsoon (June-September), and post monsoon (October-January). Biodiversity indices such as species diversity, richness and evenness were calculated following the standard formulae (Shannon and Weaver, 1963; Gleason, 1992; Pielou, 1966) .
Statistical analysis
Three-way analysis of variance (ANOVA) was applied to the transformed data for testing the significance of differences and comparison among species, station and months (Snedecor and Cochran, 1967) . Correlation between the macro benthic assemblage and environmental parameters was evaluated by Spearman correlation analysis. The significance of the models was tested using correlation coefficient. When the probability of significance (p) value is greater than 0.05 it is considered to be non-significant. All these statistical analyses were performed using SPSS statistical (Version 13 for Windows XP, SPSS, and Chicago, IL, USA). Multidimensional Scaling (MDS) and BrayCurtis similarity index was constructed based on macro faunal abundance and environmental parameters. Based on the groups obtained cluster analysis, species having the greatest contribution to this division were determined using similarity percentage program PAST (statistical Version 1.93 for Windows XP).
Results
Physico-chemical characteristics
Water temperature, salinity and dissolved oxygen concentration showed a strong seasonal pattern (Figs 2-5). The maximum water temperature was recorded during premonsoon 29.8°C in southern seagrass stations and minimum 27.7°C during the monsoon at mangrove sites. The highest salinity 35.4 was recorded during premonsoon at mangrove sites and lowest 27 during the monsoon at southern seagrass stations. Conversely, the lowest DO values were recorded during post-monsoon in mangrove sites and the highest DO during the monsoon at southern seagrass stations. In general, the highest pH 8.5 was recorded during premonsoon in mangroves and lowest pH 7.4 during monsoon at the northern seagrass regions respectively.
In nutrients, maximum surface silicates 9 µg/L were recorded during premonsoon at southern seagrass stations and minimum 0.6 µg/L at the northern seagrass stations (Fig. 6 ), relatively higher phosphate intensity 4.6 µg/L was recorded during post monsoon and low 0.7 µg/L during premonsoon at southern seagrass stations (Fig. 7) . The maximum nitrite 3.7 µg/L were recorded during premonsoon at northern seagrass stations and minimum 0.2 µg/L during premonsoon at mangrove sites (Fig.  8) . Conversely, the lowest nitrate level 0.3 µg/L were recorded during monsoon in northern seagrass station and the highest value 3.6 µg/L during premonsoon at the mangrove site (Fig. 9) Table 2 shows the sediment composition varied greatly among sites between seagrass and mangrove stations. The substratum of the seagrass and mangroves was predominated by sand followed by clay and silt in comparatively smaller proportions. The highest value of sand was observed in monsoon and post monsoon seasons (95%-96%) and slightly less in the pre monsoon (90%). Silt percentage remained almost the same during all seasons, showing little variations. In both years, comparatively higher percentage of clay was observed in pre monsoon season. Monsoon showed slightly lower values of clay in mangrove area. Organic carbon varied from 0.30 to 1.95 at seagrass ecosystem and relatively higher organic carbon (2.1%-4.5%) at mangrove area (Fig. 10) . 
Sediment composition
Macrofaunal abundance and biomass
The macrobenthic fauna in the study area showed great diversity in seagrass stations and low diversity in mangrove sites (Fig. 11 ). Distinct differences were found in the population density as well as the qualitative composition of the various taxa in different areas. A total of 160 macrobenthic species from eight major groups represented the macrofauna of the Minicoy Island (Table 3) . Of the identified taxa molluscs 70 (gastropods 41.46%, bivalves 7.5%), polychaetes 27 (16.88%), crustaceans 30 (18.75%), echinoderms 11 (6.88%) and remaining others. Among molluscs gastropods constitute the bulk forming 51 species under 27 genera. A total of 70 species of molluscs including seven species of soft molluscs were recorded from seagrass bed for the first time on Minicoy Island, so far none of the previous studies from Indian seagrass beds reported any information on soft molluscs. The maximum proportion (84.28%) of molluscs was observed in the southern seagrass region (SSR) and the minimum (12.85%) in mangrove sites. The next most abundant fauna were polychaetes with maximum relative abundance (74.07%) at SSR and minimum (40.79%) at a northern seagrass region (NSR). Polychaetes were totally absent in mangrove ecosystem. Abundance of macrobenthic organisms, particularly mollusc, polychaetes and crustaceans were also high in SSR and most of them preferred sand dominating sediment. The average total biomass was maximum at Sta. 1 (181.44 g/m 2 ) and least average biomass was at Sta. 4 (56.98 g/m 2 ) with least spatial variation at Sta. 5 (42.87%) and maximum at Sta. 1 (79.92%) in continued from Table 3 the benthic fauna was observed. From the season wise analysis, it was found that post-monsoon season contributed a major share of total biomass followed by monsoon in all three areas and the lowest total biomass was observed in pre-monsoon season in all three areas.
Dominant taxa
The three dominant species representing 25.92%-66.52% of the macrofaunal community; among these species, the gastropods Littorina undulata (66.52%) were dominant on the mangrove site at Sta. 6, Cerithium corallium (29.76%) in SSR at Sta. 2 and bivalve G. divarticatum (25.92%) in NSR at Sta. 4. However the faunal composition decreased at the mangroves in Minicoy Island. In Sta. 3 at NSR polychaetes Eurythoe mathaii (2.39%) were dominated and E. complanata (1.84%) at Sta. 4. Their abundances at mangrove sites declined. Amphipod species dominated in SSR at Sta. 1, Maera pacifica contribute 4.39%, Amphipods completely absent from mangrove sites.
Species diversity indices
Species dominance in the study area was least at Sta. 2 (0.47) and maximum at Sta. 3 (0.803). The pattern of distribution was same as that of diversity and concentration with two modal values, one at Sta. 1 and the other at Sta. 3 (Table 5 ). Species evenness was least at Sta. 2 (0.692) and maximum at Sta. 3 (1.66). Values of H′ varied from 1.45 to 3.64, the highest H′ value was also observed in the southern sea-grass region at Sta. 1 and least in mangrove site at Sta. 6. Species richness index values varied from 4.19 to 26.17, based on average diversity indices computed for each station, it was noticed that there was a steady decrease in the species richness index from Sta. 1 to Sta. 6 with a gradual increase in spatial variation even though overall variation was less (<36.26%) except at Sta. 2, where the coefficient of variation was the least for species richness (15.49%).
Macrofaunal composition
Southern seagrass ecosystem
A total of 137 taxa was identified, amongst molluscs was the dominant group comprising gastropods 71% and bivalves 9% of the total final abundance. Of the 27 molluscs families identified in the entire area, 23 were observed at Sta. 2. All Cerithium spp. together contributed 90% of gastropods, among bivalves Cardium divarticum contributed 90% of individuals followed by C. asiaticum and Pinna maricata. Polychaete species like Glycera, Nereis and Nephtys were present in considerable number while the other species of this group were less. However crab Calappa hepatica formed the major share of crabs followed by Thalamita crenata. Carridean prawns formed 90% of other crustaceans, the major share contributed by Alpheopsis equalis and Alpheus sp. In the southern seagrass beds, amphipods flourished seasonally and they contributed 7% of total individuals, the major species involved Maera pacifica (4.39%). Echinoderms contributed 2% of total individuals, of which major share was contributed by Ophiocornella sexadia and Ophicoma scolopendrina. Sponge Aaptos cf. chromis was found in almost all seagrass samples. In SSR, gastropods showed a highest seasonal average of 553 nos/(0.25 m 2 ), bivalves, crabs and echinoderms showed highest abundance at the monsoon.
Northern seagrass ecosystem
Many species present at Stas 1 and 2 were not recorded from this site. In NSR most of the major groups like gastropods, bivalves and others, of the 53% gastropods, Cerithium spp. contributed 21% and Smaragdia spp. 7%. Soft molluscs were not recorded from this station. Polychaetes present in good numbers, Eurythoe mathaei contributed 25% of total polychaetes from this region. Among crab population of 4%, Thalamita crenata and Pilumnus hirtellus were dominated species. Crustaceans showed their highest average seasonal abundance during post monsoon. Only six species of bivalves were present at this station, of which G. divarticatum alone contributed 25.92% of individuals.
Mangrove ecosystem
Only nine species of gastropods were recorded, out of which Littorina undulata formed about 59% of total abundance. Bivalves, worms, echinoderms and sponges were not recorded from this station. Six species of crabs were found, out of which Scylla serrata showed the highest abundance. The total abundance of macrobenthos in mangrove areas showed the highest value during post-monsoon.
Relationship between benthic fauna and environmental parameters
Correlation analysis showed a meager relationship between benthic diversity indices and studied abiotic variables (Table 6 ). Among the independent variables analyzed, salinity indicated significantly a strong correlation with the benthic faunal dominance (r=0.836, p<0.01) and species evenness (r=0.689, p<0.05).
Significant correlation between dissolved oxygen (DO) and Shannon diversity (r=0.740, p<0.05) , among the physical environmental variables, phosphate had a high correlation (r=0.855, p<0.01) with the Shannon diversity, evenness (r=0.749, p<0.05) and richness (r=0.689, p<0.05). Sediment characteristic clay shows a weak negative correlation between species dominance (r=−0.673, p<0.05).
Three-way ANOVA applied on the benthic data showed that there was a significant difference between stations and abundance of various benthic groups. ANOVA analysis showed the significance of stations and abundances were generally significantly high at SSR and NSR, low in mangrove sites. They were relatively high at SSE during post monsoon (Three-way ANO-VA; F (44.65) , n = 126 890, p<0.01) ( Table 7) . Benthic abundances were generally higher at SSE and lower in mangrove sites. A general, higher gastropod abundance was found at SSR (Threeway ANOVA, p<0.01) and significant level between month and abundances was showed (p<0.05). No significance was showed between the months and groups. Significance between stations and group (p<0.01) and station and month showed significant 5% level (p<0.05). Based on the benthic abundance/biomass of groups (Three-way ANOVA studies), it further clarified that three areas, namely southern seagrass, northern seagrass and mangroves were significantly different from each other. Bray- Table 6 . Correlation analysis shows relationship between environmental parameters and faunal distribution Notes: * Calculated F is significant at 5% level (P<0.05); ** Calculated F is significant at 1% level (P<0.01).
Curtis similarities were calculated on (root transformed) species dominance data, diversity indices and environmental parameters for the three groups (SSE, NSE and ME) and the resulting dendrogram is shown in Fig. 12 . Two distinct benthic community groupings (at 93% similarity) could be distinguished that apparently reflected differences in sediment/habitat types within Minicoy Island seagrass ecosystem and adjacent mangrove ecosystem. Cluster 1 (PMSSE, PMNSE, PMME, PRSSE, PRNSE, PRME) consisted of three groups (SSE, NSE, ME), outside of the monsoon season, with high diversity, richness and abundance of organisms particularly in the southern seagrass ecosystem (SSE) dominated by Cerithiun spp. and Cardium divarticum assemblage and in northern seagrass ecosystem (NSE) by Eurythoe matheii. Cluster 2 (MSSE, MNSE, MME) consisted of all stations during the monsoon season, which is a period characterized by high rainfall and river flow. Cluster 2 consisted of Stas 5 and 6 outside of the monsoon season and was characterized by low species abundance and diversity, along with high organic matter (OM). In MDS plot (Fig. 13) , it was found that all the monsoonal samples were ordinated separately from all other samples which confirm the dendogram.
Discussion
This study gave a reference state of the structural benthic composition of the seagrass and mangrove communities along the Minicoy Island, Lakshadweep. The temperature did not show any marked spatial variations (<1.5°C) since the stations are close by. During most of the month, the northern seagrass area showed comparatively lower temperature values. The salinity acts a limiting factor in the distribution of living organisms, and its variation caused by dilution and evaporation influences the fauna most likely in the intertidal zone (Gibson, 1982) . In the present study, salinity at all the stations was high during pre-monsoon and low during the monsoon season. Higher values in the premonsoon could be attributed to faster evaporation in the study area. Thus, the variation of salinity at study sites is probably due to freshwater runoff and rain. Schrijvers et al. (1998) stated that temperature; salinity and bottom deposits were major factors influencing the distribution of bottom fauna. In the present investigation, dissolved oxygen was high during the monsoon season at all sites, which might be due to the cumulative effect of higher wind velocity coupled with heavy rainfall and the resultant freshwater mixing. Relatively lower values were observed during post-monsoon, which could be mainly due to the reduced agitation and turbulence of the coastal water (Fig. 5) . Kundu et al. (2010) have attributed seasonal variations in dissolved oxygen mainly to the freshwater influx and ferriginous impact of sediments. It is well known that the temperature and salinity affect the dissolution of oxygen (Satheeshkumar and Khan, 2012a) . Hydrogen ion concentration (pH) in surface waters remained alkaline at all sites throughout the study period, with the maximum value during the premonsoon season and the minimum during monsoon. PMSSE PMNSE PMME PRSSE PRNSE PRME MNSE MME MSSE Fig.12 . Bray-Curtis similarity dendrogram showing grouping of stations sampled during different. PMSSE represents postmonsoon southern seagrass ecosystem, PMNSE postmonsoon northern seagrass ecosystem, PMME postmonsoon mangrove ecosystem, PRSSE premonsoon southern seagrass ecosystem, PRNSE premonsoon northern seagrass ecosystem, PRME premonsoon mangrove ecosystem, MSSE monsoon southern seagrass ecosystem, MNSE monsoon northern seagrass ecosystem, and MME monsoon mangrove ecosystem.
synthesis through bicorbonate degradation, dilution of seawater by freshwater influx, reduction of salinity and temperature, and decomposition of organic matter (Kundu et al., 2010; Satheeshkumar and Khan, 2012b) .
The present finding that high benthic biomass and density in the southern seagrass region (Thalassia sp. bed) decreased towards the mangrove region and the least was observed in northern seagrass regions, agree with earlier reports from Indian waters (Ansari, 1984; Ansari et al., 1990 Ansari et al., , 1991 . The highest value of biomass was found at Sta. 1 (181.44 g/m 2 ) and least was observed at Sta. 4 (56.98 g/m 2 ). Highest biomass up to 201.11 g/ m 2 of benthic fauna was observed by Ansari et al. (1990) from the coral reef area of Minicoy Island. Similar results are also available from the other parts of the world such as off the Mediterranean basin (Lopez et al., 2010) , Inhaca Island of Mozambique (Paula et al., 2001) .
Increased dominance in the mangrove sites is due to the high organic carbon, abundance of gastropod species of L. undulata. This showed the ability of these species to survive in adverse conditions, which was similar to the observation of Saravanakumar et al. (2007) from the arid zone of mangroves of the Gulf of Kutch, India. The high organic content of fine fraction most likely determined a reduction in oxygen concentration within the sediments as a result of bacterial and chemical degradation activities (Semprucci et al., 2010) . A total of eight major groups identified in the present study were gastropods consisting of 51 species, bivalves of 12 species, soft molluscs (7), polychaetes (27), other worm (7), crabs of 24 species, other crustaceans (including prawns, amphipods, isopods, stomatopods, tanaeids, etc.) of 19 species, echinoderm (11) and sponges of two species leading to a grand total of 160 species from the study area, In the earlier studies from the same area observed that polychaetes were numerically most abundant comprising 60%-92% of total macofauna density and were dominated by suspension and deposit feeding forms (Ansari, 1984) . In the present investigation the ostracods and anthozoan groups found in earlier studies were absent and instead echinoderms, sponges, tanaeids, etc. were present.
The present study has shown that sediment characteristics is one of the prime factors controlling the distribution of benthic organisms as most of the benthic group especially polychaetes, molluscs, crabs and amphipods preferred sand dominated sediment texture. Polychaete Eurythoe mathaii were abundant in the fine sand sediment in the present study. Hoey et al. (2004) recorded abundance of Nephtys cirrosa from the similar sedimentary environment in the Belgium Shelf. Furthermore, the occurrences of the bivalve Tellina palatum in large numbers in the sandy sediments of southern seagrass region suggest that this species is a typical inhabitant of this substratum. Species of genus Tellina were also reported from similar sedimentary environments of southern California (Bergen et al., 2000) and North Sea (Duineveld et al., 1991) . The abundance of benthic groups especially polychaetes, molluscs and amphipods in southern seagrass region indicated that prevalence of suitable sediment texture for macrobenthic fauna. Presence of isopods, stomatopods in the southern seagrass region may also help in the abundance of other benthic groups. Species diversity is a simple and useful measure of a biological system. Sanders (1968) found a high level of agreement between species diversity and the nature of the environment and, hence, regarded the measure of species diversity as an ecologically powerful tool. Moreover, Pearson and Rosenberg (1978) proposed that the use of diversity indices is advantageous for the description of faunas at different stages in the succession. Sanders (1968) postulated that the species diversity is mainly controlled by the fluctuations in the environment that lead to less diversity. Species diversity in the present study registered a wide fluctuation between 1.12 (monsoon) at the mangrove site and 3.64 (post-monsoon) at southern segrass region between stations and seasons. The pattern of lower species diversity during monsoon and higher diversity values in post-monsoon recorded in the study area is in conformity with the earlier observations made in Parangipettai coast (Kundu et al., 2010) , Godavari mangroves (Raut et al., 2005) and Pondicherry mangroves (Kumar and Khan, 2013) . In the present study, richnesses of benthic macro-fauna were the maximum during the postmonsoon season (26.17). A similar observation was reported by Saravanakumar et al. (2007) Raut et al. (2005) in Godavari mangroves. The low richness recorded in this study during monsoon (3.21) might be due to the freshwater inflow which induced low saline conditions, which in turn affected the distribution of benthos, particularly, the Polychaetes and molluscs. Maximum diversity and richness recorded during pre-monsoon at the study sites might be due to stable environmental factors, such as salinity, which play an important role in faunal distribution.
CA and MDS have been widely used in the evaluation of spatial and temporal variations in water quality and benthic characteristics of aquatic ecosystems (Satheeshkumar, 2012; Satheeshkumar and Khan, 2012a) . Cluster analysis has delineated two major clusters, which were mainly segregated based on seagrass ecosystem and mangrove ecosystem. Clustered stations in the southern seagrass region were densely populated than its northern seagrass region and mangrove sites. The increased abundance, diversity and richness of organisms observed in the southern seagrass region (Stas 1 and 2) could be due to the increased surface area and increased habitat complexity in seagrass regions and abundance of food from decaying seagrass and organic sedimentary material support these large diverse populations of benthic invertebrates in such ecosystem (Ansari, 1984) . This could also be due to high energy conditions that keep the organic matter in suspension food for filter feeders. In this case least temporal variations at Sta. 5 (42.87%) and maximum at Sta. 1 (79.92%) were observed. Generally, species richness and density increased with increasing plant biomass at the collection site (Orth, 1973; Ansari, 1984) . The results of the present study corroborate these findings. Lower diversity in mangroves may also be attributed to the negative effects of polyphenolic acids derived from mangrove roots, bark and detrital matter, low water content and generally low concentrations of interstitial oxygen and surface micro algae (Schrijvers, 1998) . CA was used in this study to examine the differences between the monitoring stations during the four seasons of the year. Based on the cluster analysis, the concentration of dissolved oxygen, pH, salinity and organic matter in the southern seagrass region (Stas 1 and 2) compared high to Stas 3-6. Low DO, high OM and high clay content appear to indicate deteriorating water quality from the standpoint of benthic macroinvertebrate fauna. Human activities have a strong influence on the aquatic environment in the Minicoy Island.
The MDS ordination based on the macrofaunal community clustered the sites into two groups representing three different regions. Group 1 was restricted to the mangrove region, where the Littorina undulata and Scylla serrata predominated within the macrofaunal community. Group 2 comprised SSE and NSR stations of the seagrass region, where opportunistic species such as Cerithium sp., Cardium divarticum, C. asiaticum and Pinna maricata were dominant. These mollusc species were most abundant in seagrass regions, where they DO concentration was high. Among the crustaceans, Isopoda and Amphipoda are also particularly abundant and diverse in the seagrass region, where they are among the most typical members of the benthic communities (Sanders, 1968) . Based on the results of multidimensional scale plot suggests that for mangrove benthic macroinvertebrate fauna that environmental parameters such as low DO, salinity, OM and clay have a strong influence on species composition and diversity. From a different multivariate statistical analysis of the different environmental parameters regarding species diversity and abundance of benthic macroinvertebrate fauna, it was found that benthic communities are highly affected by all the environmental parameters governing the distribution and diversity variation of the macrofaunal community in seasgrass and mangrove ecosystem in Minicoy Island, Lakshadweep, India.
Conclusions
The mangrove zone showed significantly different environmental parameters from the seagrass areas. At the mangrove area lower salinity and DO, higher pH, clay fraction and organic carbon content were noticed than in seagrass areas. In the present study very high species diversity was noticed in southern seagrass stations and northern seagrass stations, but in the mangrove stations comparatively low species diversity was observed. A high biomass was observed in the mangrove stations when compared with their less numerical abundance, due to the large sized gastropod flesh of Terebralia palustris. The temporal distribution of benthos exhibited not only higher density during the post monsoon season but also consisted of more diverse fauna. The decrease of benthic production, especially Polychaetes, during monsoon could be due to the lower temperature and salinity. A medium amount of organic carbon and nutrients phosphorus supports more diverse benthic production. Cluster analysis and multidimensional scale plot analysis were useful helping to define spatial and temporal patterns in seagrass and mangrove ecosystem water quality and macrobenthic fauna characteristics in Minicoy Island. Temperature, dissolved oxygen, salinity, organic carbon, nutrients and sediment characteristics are proved to be important descriptive parameters in terms of the abundance and distribution of benthic organisms. This base line study at Minicoy Island, thus establishes that the benthos of seagrass and mangrove ecosystems (nursery grounds) determines the richness and diversity of demersal fish fauna at the nearby lagoon and reef areas to a great extent. Any serious stress on these ecosystems may further lead to the total disappearance of certain fish species in the nearby future.
